We present the historic photographic light curves of three little known Blazars (two BL Lacs and one FSRQ), BZB J1058+5628, BZQ J1148+5254 and BZB J1209+4119 spanning a time interval of about 50 years, mostly built using the Asiago plate archive.
Introduction
Long-term (≥ 20 years) optical light curves are still available only for a relatively small number of Active Galactic Nuclei (AGN) and Blazars. Pioneering work in this field was made by several authors (Pica et al. 1988; Webb et al. 1988) on relatively large samples of sources over a time window of about 20 years. For some sources these curves show long-term trends occurring over time scales of decades, while others show only short-term variability.
A few sources had dedicated papers to their long-term optical variability. Among the best studied sources we recall: OQ 530, whose optical brightness faded at 0.035 mag/yr for about one century (Massaro et al. 2004 ); S5 0716+71, showing a monotonic brightening trend of 0.11 mag/yr of its mean luminosity over the last 40 years (Nesci et al. 2005 );
ON 231, with a long term decreasing trend of 0.023 mag/yr followed by an increasing one of 0.07 mag/yr (Massaro et al. 2001) ; WGA 0447.9-0322, with a long monotonic trend of 0.11 mag/yr, similar to S5 0716+71 (Nesci et al. 2007 ); 5C 3.178 declining at 0.03 mag/yr over 30 years (Sharov 1995) .
In some cases a periodicity of the outbursts has also been found, the best case by far being OJ 287 (Sillampaa et al 1988 , Valtonen et al. 2009 ). Other such sources are AO 0235+164, with a possible 5 years period of strong outbursts (Raiteri et al. 2008 and references therein) and S5 0716+71 (Raiteri et al. 2003) with recurrence of about 3 years. Also in the radio band a few sources have shown periodic outbursts (e.g. 3C 454.3, Ciaramella et al. 2004 , Qian et al. 2009 ).
The origin of the fast variations in Blazars is generally explained by the relativistic boosting of perturbations moving down a jet pointing close to the line of sight. The relevant quantity for the boosting is the beaming factor δ = 1 × (Γ × (1 − β cosθ) −1 , where Γ and β are the Lorentz factor and the velocity (in units of the speed of light) of the perturbations' bulk motion and θ is the angle between the jet and the line of sight.
-4 -On the other hand the nature of secular variations is unclear. A suggestive possibility is that they can be associated with changes in the structure and/or direction of the inner jet (see e.g. Kadler et al. 2006 ). It is difficult, however, to obtain a clear evidence of such changes because it requires long and accurate multifrequency campaigns with VLBI angular resolution on a sample of several sources: such a study has been done e.g. by Nesci et al. (2005) in the case of S5 0716+71, suggesting that precession of the jet may indeed explain its observed light curve behavior, or Massaro et al. (2004) in the case of OQ 530.
With the successful launch of the Fermi satellite for Gamma ray astronomy, an all-sky monitoring of the Blazars emission has started, which will probably bring to the attention of astronomers a number of poorly known sources. Lists of potential Gamma ray Blazars have been prepared in the framework of the GLAST project by Massaro et al. (2009) , containing about 2800 objects, and Sowards-Emmerd et al. (2005) , listing about 770 Northern sky sources. For most of these sources very few data exist, basically those allowing their detection and the classification as an AGN. A better knowledge of the properties of these sources will be useful for the interpretation of the Gamma-Ray data now available from the Fermi mission.
To determine the historic light curve of AGNs, an effective way is to use survey plates taken with wide angle instruments, like the Schmidt telescopes, in fields covered over a large time span for patrol of other targets, like Supernovae or variable stars. A good mine of such material is the archive of the Asiago Observatory (http://dipastro.pd.astro.it/asiago/), with its two Schmidt instruments, the 67/92cm, operative between 1965 and 1998, and the 40/50 cm, operative between 1958 and 1992.
We selected therefore, from the Massaro et al. (2009) catalogue, those sources for which no historic optical light curve is still published, nominally bright enough to be well measurable on the plates of the 67/92 cm telescope (B≤17.5), without an obvious strong -5 -host galaxy around, and for which a large (≥50) number of plates is available spread over a long (≥10 years) time interval, so that a meaningful historic light curve can be derived.
Unfortunately, a very small number of sources matched these conditions, mainly due to their optical faintness.
In this paper we report the results of our photometric measurements of these plates and the first optical historic light curve for three sources, BZBJ1058+5611, BZQJ1148+5254
and BZBJ1209+4119.
Photographic data reduction and light curves
Plates were digitized at the Asiago Observatory with an EPSON 1680 Plus scanner, a sampling step of 16 micron (1600 dpi) in grayscale/transparency mode and 16 bit resolution.
Plate scanning included also the unexposed borders to measure the plate fog level (F ). The transformation of the recorded plate transparency T of each pixel into a relative intensity I was obtained applying the simple relation I = (F − Z)/(T − Z), where Z is the instrumental zero level. The best way to determine this level is to use the value of the darkest pixel in the center of the most overexposed star.
Most of the plates were with 103aO emulsion and GG13 filter, similar to the IIIaJ+GG385 emulsion+filter combination used in the Second Palomar Sky Survey (POSS II): therefore we established, for each field, a photometric comparison sequence selecting about 20 stars and taking their nominal magnitudes from the GSC2.3 catalogue, using the "J" photometric band, which is based on the POSS II.
Instrumental magnitudes for each plate were obtained using IRAF/APPHOT tasks with a fixed aperture of 3.0 pixels for the 67cm Schmidt plates, corresponding to the FWHM of the average stellar profiles. We checked that the selected stars were not variable.
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The sky value was taken from a concentric annulus of 10 pixels inner radius and 10 pixels width, using the "mode" algorithm for the computation.
A calibration curve for each plate was then obtained using the GSC2.3 values of the comparison stars. These curves were reasonably tight but showed a slight departure from a simple linear relation, so we fitted them with a 2nd order polynomial law. The most discrepant star was then automatically excluded and a new, final fit, recomputed.
Having a large number of plates for each field, we performed an intercalibration of our reference stars magnitudes. The differences with respect with the GSC2 values were nearly always smaller than 0.1 mag, indicating that this catalogue is a very good starting point to derive historical photographic light curves. The intercalibrated magnitudes (which we will call B/Asiago) were then used to rebuild the calibration curve for each plate, which were again well fitted by a 2nd order polynomial relation with an appreciably smaller scatter.
The B J magnitude of the AGN was then derived from the instrumental one using the calibration curve. The scatter of the points around the fitting curve depends on the plate quality: typical rms errors are 0.1 mag. These errors were adopted as estimates of our photometric accuracy.
A number of plates were taken without filter, so that a proper systematic correction had to be derived. Indeed an AGN is typically bluer than the average field stars and should appear therefore brighter when the UV part of the spectrum is not cut by the blue filter.
Unfortunately we did not find plates taken with the two filter/emulsion combinations in the same night (or nearby nights) for our sources. To find the systematic correction between the two combinations, we decided therefore to plot the light curves derived separately from the plates with and without filter and empirically look for a systematic shift between the two. This trick was successful in the case of 1148+52, for which there was a large overlap for the two light curves: the correction was found to be small, about 0.2 mag, and was -7 -adopted for all three sources.
One source (1058+56) was sufficiently bright that could be well detected also on the films taken with the smaller 40/50cm Schmidt telescope. This allowed to extend the light curve back to the years 1962-65. These films were generally unfiltered and had the PANCHRO ROYAL emulsion; very wisely, however, the Observatory policy for the patrol fields taken with the 40/50 Schmidt was to secure sometimes a couple of images taken in the same night with PANCHRO ROYAL and 103aO (unfiltered) emulsion for comparison.
We tried to use these couples of films, where the AGN was well exposed, to determine an empirical transformation from PANCHRO ROYAL into 103aO magnitudes, but the intrinsic photometric accuracy of the stars was rather low (0.2 mag) and the number of pairs too small (5) to derive a statistically reliable correction (-0.4 ±0.2 mag). Also in this case therefore we overplotted the uncorrected light curves obtained from the 103aO+GG13
plates and from the unfiltered PANCHRO ROYAL films in the years 1965-1968: the systematic shift was derived comparing the average values of the source in the two data sets. The result was found to be in good agreement with that obtained from the 5 plate pairs seen above. Finally the correction from 103aO (unfiltered) into 103aO+GG13 derived from the 67cm plates was applied to derive the final B J magnitudes.
For each source a finding chart is given in Fig. 1 , 2 and 3, derived from the Asiago plates, where the comparison stars are marked with letters and A is the AGN. Table 1 to 3 give the star flag (column 1), RA and DEC (J2000) derived from the GSC2.3 (column 2 and 3), adopted B J magnitude (column 4) and its uncertainty (column 5) derived from the rms scatter in our dataset.
The photometric data of the three AGNs are reported respectively in Tables 5, 6 and 7.
We report here just a few lines of each of our fields gave a slope ∼1 and a small shift in the zero point. We expected however the presence of a small color term, due to the redder passband of the g filter with respect
to the IIIaJ+GG395 combination: given that the AGNs have an (u-g) color definitely bluer than the average field stars, this term should be appreciable. To this purpose, scatter plots of the (u-g) vs.
(g-B J ) magnitudes of the comparison stars for each field were made: the correlation however was not very tight, probably due to the lower accuracy of the GSC2.3 magnitudes, and in any case all the stars were substantially redder than the AGN so that a large extrapolation of the linear fit would be required to evaluate the color correction;
eventually we preferred to ignore the color effect (which is in any case about 0.1 -0.2 magnitudes) and just apply the zero-point correction.
We made furthermore in the Summer 2009 a final photometric point for each source using our Vallinfreda 50cm Newtonian telescope and CCD camera with a Marconi 47-10 back-illuminated chip and standard Johnson-Cousins filters.
-9 -All these additional photometric points are also reported in the respective Tables.
Data of Individual Sources

BZBJ1058+5628
The first optical spectrum of this source was published by Marcha et al. (1996) catalogue of absorption lines of elliptical galaxies (Trager et al. 1998) gives an average value 5.5 ±1.0Å for this feature. The SDSS spectrum of our source has a G-band E.W.=1.0Å, so that about 80% of the flux is actually due to the blazar component at 4300Å rest-frame.
Due to the redshift, the observed B band is centered on the CaII H and K lines, where the galaxy contribution is still lower, so that the flux variation amplitude is little affected by the stable underlying galaxy contribution.
We found 47 plates with 103aO+GG13 and 25 plates without filter taken with the 67/92 Schmidt, covering the time interval 28-11-1965 to 06-01-1992 . Their distribution in time however was not well suited to evaluate the systematic difference between the two combinations. Given the brightness of the source, it was also measurable in several (41 is the largest (0.27 mag) followed by 1220 (0.14) and 1490 (0.11), with a rms deviation from the actual light curve of 0.22 mag. The deviations are mainly concentrated in some segments of the light curve, and can be modelled only including several much higher frequencies: these deviations can be interpreted as flaring episodes in the jet, overimposed to the basic oscillating behavior of ∼ 2500 days. Such random variability is typical of BL Lac objects, so it is expected to be present. Using only the lowest frequency (which is the strongest) to fit the light curve, the best fit is achieved with a period is of 2590 days and the rms deviation is 0.25, not dramatically larger than the 3-frequencies case. A formal Monte
Carlo estimate of the period accuracy, made using the tools of Period04, gives 2590+/-30 days. A sinusoidal curve with period 2590 days and a decreasing trend of 0.053 mag/yr is reported in Fig. 4 to guide the eye.
We measured the source also on the POSS I digitized plate (1953-03-18, 103aO unfiltered, JD 34454) using our comparison sequence: the fit showed a rather large scatter (0.3 mag) and the source was at 16.05, which translate into B J 16.25 on our scale (see below the discussion of BZQJ1148+52). The same procedure on the POSS II plate (1991-02-09, -11 -IIIaJ+GG395, JD 48296) gave a much better fit (rms 0.09) and the source was at B J =16.19, similar to the GSC2.3 catalogue value of 16.04.
The POSS II observation is fully consistent with the Asiago light curve (see Fig. 4 ), while the POSS I observation is well below the extrapolation of the long term decreasing trend between JD 37,500 and JD 47,000: this is suggestive that this trend may be just part of an oscillating behavior with longer timescale. Further indications that this is actually the case come from the last points of the Asiago light curve (after JD 47000) and by more recent observations. One is from the SDSS (JD 52263, g=16.50) which transforms into B J =16.20 in the GSC2.3 scale. Another is from our own photometry using the Vallinfreda 50cm telescope (JD 54995), which gives B=15.33 ±0.16 and therefore tells that the source has returned to the very high state of the early 1960's (see Fig. 4 ).
BZQJ1148+5254
The spectrum of this source in the SDSS shows strong emission lines and a redshift z=1.632: it is therefore classified as a Flat Spectrum Radio Quasar in the Roma BZCat.
The image is point-like in the SDSS, as expected for a high-redshift AGN. We found 67
plates with 103aO+GG13 and 19 plates with 103aO without filter taken with the 67/92
Schmidt, covering the time interval 24-01-1966 to 09-05-1994 . The time distribution of the plates for this source is well suited to evaluate the systematic difference between the two dataset: the light curves derived separately were indeed rather similar, with the unfiltered points systematically brighter, as expected. To derived the systematic correction for the unfiltered values we averaged the magnitudes of the AGN in the time interval JD 44000 -46500, (12 points without filter and 17 with GG13), obtaining ∆M=0.20. This value was adopted also for the other two sources.
The Asiago light curve covers about 9000 days and shows a monotonic decreasing trend of about 1.8 mag (0.073 mag/year) with a slope quite similar to that of 1058+56. On the SDSS image (JD 52288) the source was at g=16.93, which becomes B J =17.15 on our scale. This is suggestive that the monotonic decrease has continued up to the year 2002.
Our CCD photometry from Vallinfreda (JD 54995), however, puts the AGN at B J =16.6, indicating that the source has considerably brightened and is now back at the levels of 1960's.
BZBJ1209+4119
The source has an SDSS nearly featureless spectrum, and can be classified therefore as a BL Lac. In the SDSS database it is given a redshift z=0.377 and the image is point-like.
We found 32 useful plates with 103aO+GG13 and 18 plates without filter in the 67/92
Schmidt archive. Most of the plates were centered on the star 2 CVN and some on 67 -13 -UMA. The dataset of two filter/emulsion combinations are not well mixed, so it is not easy to determine from them the systematic effect on the AGN magnitude. We used therefore the correction obtained from 1148+52 as discussed above. The source was too faint to be measurable on the small Schmidt films.
The Asiago light curve covers about 9500 days. The source is rather faint for the 67/92
Schmidt so the photometric accuracy is worse than for the other two sources. In this case a slow brightening trend (0.04 mag/year) seems to be present, with a large dimming episode around JD 45000. The rms deviations of the comparison stars of comparable faintness (S,G,T,Q, see Table 3 ) from their average values are anyway much smaller than that of the AGN, so that at least in a statistical sense the overall source variation is real. In the final part of the light curve the flux variation of the AGN is smaller, suggesting that part of the variations observed when the source was fainter may be due to its low signal/noise ratio; however, the faint comparison stars were always detected on the Asiago plates, so that we are confident that the low state of the AGN around JD 45000, recorded on several plates, is not just an artifact of photometric uncertainty.
Due to the low S/N ratio of the data, the low sampling frequency (on average 1 point every six months) and the presence of a single strong dimming feature in the light curve we do not think than a periodicity search is reliable.
On the digitized POSS I plate (1955-03-24 , JD 35190) we measured the source at 17.32 ±0.10, which converts into B J =17.52 in our system. On the POSS II plate (1996-03-19, JD 50161) we measured the source at B J =17.57 ±0.04. On the SDSS image (JD 52731) the source is at g=17.98, which becomes B J =18.28 on our scale. We observed the source from Vallinfreda (JD 55040) in the R band, because it was too faint to be detected in B; in this case we used the SDSS r magnitudes for our comparison sequence stars and the source was at about 17.5, very near to the level of the SDSS observation (r=17.62), suggesting that the which includes a good number of radio steep spectrum Quasars and radio quiet QSO.
To have some physical insight of our sources we report in Table 7 some basic data:
column 1 is the name, column 2 the Log(power) at 1.4 GHz, column 3 the absolute R magnitude computed from the USNO B1 catalogue magnitude and literature redshift, column 4 the Radio/Optical flux ratio, column 5 the NIR spectral slope from the JHK magnitudes in the 2MASS catalogue, column 6 the optical spectral slope from the SDSS -15 -data. We remark that, at variance with the other two sources, the spectral slopes computed for BZQJ1148+52 have a very poor χ 2 r and are therefore marked with ":". Actually the spectrum of this source cannot be well fitted with a power law in neither of the two explored ranges, probably due to the strong emission lines (e.g. C IV equivalent width is 77Å) and of the UV bump which falls in the optical due to the source redshift.
It is apparent from this Table that our three sources are flat-spectrum radio-loud objects (Radio/Optical flux ratio ≥10) but have different absolute luminosities and show substantially different behaviors in their optical light curve. The strong-lined object is the brightest both in the radio and optical bands. Only BZBJ1058+56 was detected in Gamma-rays by Fermi-LAT (Abdo et al. 2009 ) and possibly also by EGRET (Bloom et al. 2000) .
From the point of view of the overall Spectral Energy Distribution, a much used tool for the classification of Blazars is the α ro − α ox diagram (Padovani and Giommi 1995) . On this diagram the Blazars mainly occupy two areas: a horizontal branch and a diagonal branch; a diagonal line of negative slope -1 is a line of constant Radio/X-ray flux ratio.
The line at α rx =0.75 is the formal border between HBL and LBL sources (Padovani and Giommi 1995) . Extreme HBL sources are located at the left side of the horizontal branch, extreme LBL at the upper side of the diagonal branch. For a Synchrotron Self Compton emission model, as the peak of the synchrotron emission of a Blazar moves from lower (10 13 Hz) to higher (10 17 Hz) frequencies the location of the source on this diagram moves from the upper left corner to the lower right one along the diagonal line and then back to the left along the horizontal branch.
We report in Fig. 7 this diagram for the sources in the Roma BZCat, with the positions of our three objects marked. BZBJ1209+41 and BZQJ1148+52 have α rx larger than 0.75, and are located in the diagonal branch, with BZBJ1209 being the most radio loud.
-16 -BZBJ1058+56 is already on the horizontal branch and is an HBL, as discussed by Donato et al. (2005) also on the basis of BeppoSAX X-ray spectra. None of them is however an extreme case.
The long-term optical light curves of our three sources are rather different. As a general remark, the overall amplitude variability is anticorrelated with the intrinsic power. BZQJ1148+52 showed a monotonic decreasing trend with a slope similar to 1058+56 but without the oscillating behavior: the detected short-term variability is comparable to our photometric uncertainty, so no firm conclusions can be derived on their time scale. It can be put into Class II. It showed a substantially smaller variability than the other two BL Lacs, both on short and long time scales.
BZBJ1209+41 showed a slight increasing trend (0.04 mag/year) with large dips in its light curve: it is therefore quite unusual (the opposite of Class I) and deserves further monitoring. Unfortunately it is not bright enough to be easily followed with small telescopes.
When a time interval of about 50 years in considered, all the long term trends detected in the time window of 27 years sampled by the Asiago plates do not seem to hold, so that they might be considered just as part of longer variability trends.
Which processes can be behind these secular trends? Both physical processes and -17 -geometrical effects can be at work: in the first case one can imagine a monotonic variation of the number of radiating electrons, or of the average ambient magnetic field; in the second case, a change in the Doppler boosting factor along our line of sight due to the jet precession. The latter possibility can be considered as an indicator of a massive black hole binary system in the nuclear region (see e.g. Romero et al. 2003 ).
If we interpret the long term trends of our three sources as due to a slow precession of the jet, as in was supposed to be in the case of S5 0716+71 (Nesci et al. 2005 ), then the periodicity should be of several 10 4 days and therefore comparable to (or even larger than) the human lifetime. This poses a strong challenge because observations must be accumulated for several tens of years before any firm conclusion can be reached. A further difficulty for the data interpretations, if the monitoring is not dense enough, could be the occurrence of fast and/or large occasional outbursts/dips, which can mask the long-term trends.
A strong support to confirm the precession model could come from imaging at high radio frequencies with VLBI techniques, which could detect monotonic variations in the jet direction and/or at lower frequencies showing residuals of radio emission in regions involved by the crossing of the jet in the past (see e.g. Massaro et al. 2004 ).
Finally, we remark that the detection of the quasi-periodicity of BZB J1058+56 from the Asiago plates suggests that further discoveries could be made using other, still unexplored, photographic plate archives. 
